Introduction
============

Children\'s growth is a long and continuous process. In this process, regular assessment and monitoring of the growth index of children\'s body weight and height and other physical measurements are helpful in the early diagnosis of children\'s abnormal growth.^\[[@R1]\]^ This will, in turn, provide an opportunity for interventional procedures to ensure the healthy growth and development of children.^\[[@R2]\]^ Children\'s physical growth assessment should be based on growth standards, that is, according to the growth reference values for children of the same age and gender.

From 1997 to 2003, the World Health Organization (WHO) conducted a multicenter, longitudinal, long-term follow-up study consisting of participants ages 0--2 years in 6 countries around the world (the United States, India, Brazil, Norway, Oman, and Ghana).^\[[@R3]\]^ The WHO had developed a standard by selecting healthy children living in conditions that may be conducive to the full realization of their genetic growth potential.^\[[@R4]\]^ The study had a major discovery, that children ages 0--2 years from different parts of the world had almost the same growth rate. Therefore, many countries support and rely on this standard across the world. Since the WHO published child growth standards, 125 countries have adopted the standards, and 25 countries, including China, are considering doing so in the future.^\[[@R5]\]^

The United Kingdom has adopted the standards, which suggested infants in the United Kingdom reducing weight gain from ages 4 months and up. The WHO standards would be able to identify more infants with a high body mass index (BMI), and these infants could have been given the instruction to prevent overweight in a timely manner.^\[[@R6]\]^ In contrast, Shanghai\'s reference values on child growth is higher than that of the WHO 2006 growth standards.^\[[@R7]\]^ For example, the mean weight and length of 4-month-old infants, according to Shanghai standards (2005 edition), are 7.89 kg and 65.84 cm, respectively, for boys (7.00 kg and 63.89 cm in WHO standards); and 7.22 kg and 63.96 cm, respectively, for girls (6.42 kg and 62.09 cm in WHO standards). In our previous study, we found that parents had a tendency to overfeed even when their children were of normal weight, and this, in turn, would increase the weight gain and BMI of their children.^\[[@R8]\]^ In China, due to the One-Child Policy starting in 1980s and the famine history in 1960s, parents and grandparents usually overlook the childhood obesity problem and even think that obesity is healthy.^\[[@R9],[@R10]\]^ Presumably, as Shanghai\'s children growth reference values are so high, some children with normal growth could be mistakenly diagnosed for underweight and growth delay, which may strengthen the overfeeding behavior of the caregivers and lead to childhood obesity. Hence, the aim of this study was to compare the effects of different growth standards on childhood obesity in Shanghai metropolitan area.

Methods
=======

Ethics statement
----------------

The data was obtained from the community child healthcare routine medical records and questionnaires. The samples were taken without any trauma to the child. Infants and their families participated in this study did not have any risk consequences. All information and records were strictly confidential. Prior to the start of the study, the research protocol was approved by the Ethical Committee of Xinhua Hospital affiliated to Shanghai Jiao Tong University School of Medicine (XHEC-C-2013-024). The free consent application for participants was approved and provided by the ethics committee.

Study protocol
--------------

A community-based cluster-randomized controlled trial was conducted in 2 downtown areas with 19 community health service centers in Shanghai from November 2013 to December 2015. These 19 community health service centers, providing basic medical services to the local community, were randomly divided into 2 groups: the S-group, consisting of 10 centers, was assessed and monitored by 2005 edition of Shanghai children growth standards for children ages 0--2 years; and the W-group, consisting of 9 centers, used the 2006 WHO growth standards for children ages 0--2 years.

The sample calculation was based on the data of our prior study,^\[[@R11]\]^ which contained the data of infants from birth to 6 months old. The infant weight-for-age z-score (WAZ) growth value was 0.77 ± 0.88, while the length-for-age z-score (LAZ) growth value was 0.66 ± 0.93. Assuming that the LAZ growth values were consistent among the two groups of infants, the growth rate of WAZ in the infants of W-group relative to the infants of S-group decreased by 10%, that is, a decrease of 0.69. Thus, 3000 subjects were required in total, amounting to 1500 infants in each group.

Participants
------------

All attending pediatricians and nurse practitioners from the 19 community centers were invited to participate in pre-research meeting and trainings. A total of 78 medical staff members were enrolled, representing nearly all eligible clinicians. There were evaluation quizzes (score\>90) for all participating clinicians, and we gave overweight prevention evaluations to doctors and physical examination evaluation to nurses.

Every month, approximately 200 infants were born in each community. The infants were divided into 2 groups according to previously described method. Inclusion criteria were as follows: (1) birth between November 2013 and November 2014; (2) single fetus with a gestational age of 37--42 weeks; (3) the birth weight of 2500--4500 g; (4) the community resident who was willing to come for the long-term follow-up of 1 year; (5) without congenital diseases, and genetic metabolic diseases; and (6) clinical consultation ≥3 times in 1 year.

Clinical consultation
---------------------

The weight and length measurements were collected during monthly vaccination sessions at the community health centers. The infants were measured at the age of 1.0, 2.0, 4.0, 6.0, 9.0, and 12.0 months (within 1 week before and after). Those who did not attend were called again after 2 weeks (at 1.5, 2.5, 6.5, 9.5, or 12.5 months). Thus, each infant attended a health center at least 6 times at 1.0--1.5, 2.0--2.5, 4.0--4.5, 6.0--6.5, 9.0--9.5, and 12.0--12.5 months. At every clinical consultation, the doctors educated participants regarding nutrition guidelines, depending on the nutritional status of infants according to their group standards. The specific tasks at each time point in each clinical consultation included the following: (1) physical measurements, including height, weight, head circumference and chest circumference; as well as an record of feeding patterns; (2) the diagnosis of nutritional levels followed by group standards, including underweight, wasted, stunted, normal, and overweight; (3) the generation of a growth curve for every child and the provision of nutritional advices to caregivers based on the child\'s growth tendency; and (4) the provision of nutritional guidelines at different ages and the supply nutrition guidebooks at different age stages.

Anthropometry
-------------

The weight and length were obtained from the infant\'s birth record, and subsequently measured at age of 1.0, 2.0, 4.0, 6.0, 9.0, and 12.0 months using standardized procedures. Weight was measured to the nearest 0.01 kg using an electronic pediatric scale (Seca, Germany), and length was measured to the nearest 0.10 cm using a pediatric-length board (Seca, Germany) with the infant in a recumbent position.

Nutritional status
------------------

WAZ, LAZ, and weight-for-length z-score (WLZ) of infants at 1.0, 2.0, 4.0, 6.0, 9.0, and 12.0 months of age were calculated according to the 2006 WHO growth standards using the WHO Anthro 2009 software. The software measured the age to the nearest 0.01 month. Underweight, stunting, and wasting were defined as WAZ \< --2, LAZ \< --2, and WLZ \< --2, respectively. Overweight was defined as WLZ \> +2. Normal weight was defined as --2 ≤ WLZ ≤ +2.

Quality control
---------------

Quality control procedures are important to ensure data quality, which include the following: (1) Shanghai Municipal Health Bureau was responsible for data coordination, collection, and management; quality control; and advisory for groups; (2) lectures were given to the staff of each community by the director, and trainees underwent thorough training for standardizing the protocol regarding anthropometric measurements, recommendations for feeding methods, use of standard application and distribution of pamphlets; (3) pilot testing of study protocol was conducted (Kongjiang community); (4) monthly visits to study sites were made for calibrating measurement tools, assessing technology capacity and collecting data; (5) data quality assurance was completed through the calibration of equipment and the standardization of measurements, surveys, and the auditing data entry (data record included medical record books and electronic data in government system); (6) regular meetings, retraining, and random spot check were conducted.

Statistical analysis
--------------------

Children were grouped into 6 age categories during the infancy period. Each age group includes half a month before and after. For example, ages from 0.5 month to 1.5 months are abbreviated as 1 month, and those from 5.5 months to 6.5 months are abbreviated as 6 months. If a child had been measured twice in a given age category, only the first measurement was counted. Measurements taken at 3.0, 5.0, 7.0, 8.0, and 11.0 months were excluded. All children were required to attend the clinical consultation in more than two age groups to ensure that the parents paid attention to the standard procedures.

The data with normal distribution were shown as mean ± standard deviation (SD), and the data with non-normal distribution were shown as median (Q1, Q3). The Chi-squared test and one-way analysis of variance (ANOVA) were used to assess the differences in the demographic characteristics, the Wilcoxon rank-sum test was used to compare the median differences of WAZ, LAZ, and WLZ between the two groups. Linear mixed-effect regression models for repeated measures using random effect at the community level (cluster) were used to compare the difference of WAZ, LAZ, and WLZ between the two groups at different time-point (PROC MIXED procedures). At individual level, models-controlled gender and weight at baseline as potential confounding factors. We used an unstructured covariance for the random effects at the child level, after comparing models with different covariance structures using the Akaike information criterion (AIC). All data analysis was performed using SAS Version 9.4 (SAS Institute Inc, Cary, North Carolina, USA). All *P* values were two-sided, and the level of statistical significance was set at *P* \< 0.05.

Results
=======

Study population
----------------

In this study, among the 15,286 infants from 19 community health service centers, only 267 infants did not receive enough clinical consultations in their age groups (\<3 times). The remaining 15,019 infants (51.7% boys and 48.3% girls) provided valid data at birth and during follow-up. Among 15,019 infants, 6509 were in the W-group (including 3390 boys and 3119 girls,) and 8510 in the S-group (including 4374 boys and 4136 girls), there was no significant difference in gender between two groups (*χ*^2^ = 1.081, *P* = 0.298). The mean birth weights of the W-group and S-group were 3.38 ± 0.38 kg and 3.37 ± 0.39 kg, respectively (*t* = 0.095, *P* = 0.924).

The ratio of exclusive breastfeeding at 2 months in W-group infants was 55.5%, which was lower than that of S-group infants (65.4%, *χ*2 = 56.265, *P* \< 0.001). At 4 months, only 52.2% of infants were exclusive breastfeeding in W-group, that was still lower than that of S-group (60.7%, *χ*2 = 42.049, *P* \< 0.001).

Overweight
----------

The overweight rates between the groups were distinct at 1.0, 9.0 and, 12.0 months of age, and the differences were statistically significant (all *P* \< 0.050). The study found that the rate of overweight at 1 month of age in the W-group (1.3%) was higher than that of the S-group (0.7%, *P* = 0.040). The rates of overweight of the S- and W- groups at 2 months of age were as follows: 1.3% and 1.6%, but increased to 3.7% and 3.5% at 4 months of age. Compared with S-group, the rates of overweight decreased and had a downward tendency at 9 months of age in W-group (Table [1](#T1){ref-type="table"}). Most of the children in both groups were healthy, and the rates of stunting, wasting, and underweight were very low (0%--0.4%). There were no significant differences between the groups in every age group (all *P* *\>* 0.050, Table [1](#T1){ref-type="table"}).

###### 

Nutritional status at each age stage in the W- and S-groups according to growth references of World Health Organization

![](cm9-132-004-g001)

Growth parameters and results of linear mixed model
---------------------------------------------------

For WAZ values, the patterns of change in weight from 1.0 month to 6.0 months were similar between W-group and S-group, and the differences were not statistically significant (all *P* \> 0.050; Table [2](#T2){ref-type="table"}). The differences in WAZ value were statistically significant at the 9- and 12-month age between 2 groups (*Z* = --2.570, *P* = 0.010 at 9 month and *Z* = −2.321, *P* = 0.020 at 12 month; Table [2](#T2){ref-type="table"}). The increase in WAZ value was significantly greater in S-group, compared to W-group (coefficient = 0.04, *P* = 0.004; Table [3](#T3){ref-type="table"}). These findings suggested that the weight gain in infants of S-group were slightly higher than that of infants in the W-group.

###### 

Median of WAZ, LAZ, and WLZ at each age in the W- and S- groups according to growth references of World Health Organization
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###### 

Impact of different standards on WAZ, HAZ, and WLZ from birth to 12 months

![](cm9-132-004-g003)

For LAZ values, the patterns of change in height from 1 month to 12 months of age were also similar between W-group and S-group (Table [2](#T2){ref-type="table"}). The differences in LAZ value were not significant at all age stages between 2 groups, except for the 4- and 12-months age (*Z* = 2.292, *P* = 0.022 at 4 month, and *Z* = 2.148, *P* = 0.032 at 12 months; Table [2](#T2){ref-type="table"}). In total, the mean LAZ values in the W-group were higher than those in the S-group for most age stages. The LAZ value was increased significantly by 0.04 in W-group, compared to S-group (*P* = 0.047; Table [3](#T3){ref-type="table"}). It meant that the height gain infants of W-group were higher than that of infants in the S-group.

As shown in Table [2](#T2){ref-type="table"}, the WLZ values between the 2 groups were significantly different from 2 months of age (Table [2](#T2){ref-type="table"}). For the WLZ values, the mean values in S-group were greater than those of W-group (coefficient = 0.09, *P* \< 0.001; Table [3](#T3){ref-type="table"}).

Discussion
==========

Approximately 120 million children in China were found to be overweight or obese.^\[[@R12]\]^ As it is a global public health problem, attention needs to be paid to the rise in the number of obese children. Rapid weight gain during infancy is the beginning of childhood obesity. According to research, being overweight in the first 2 years of life was a strong predictor of obesity at age 5 and was associated with an increased risk for metabolic disease later in life.^\[[@R13]--[@R15]\]^ However, the interventions for overweight in infancy were indeed limited,^\[[@R16]\]^ and the most common recommended intervention was a proper clinical examination in local community.^\[[@R17],[@R18]\]^

The study was conducted to assess and monitor the growth of children using different child growth standards and to observe the impact of different growth standards on weight and length. This study found that using WHO standards, the infants were less likely to be classified as overweight. According to the results of this study, it could be said that the decline in weight gain was not correlated with loss of height gain, but rather promoted height growth. The application of the WHO standards was only for reducing overweight but not for increasing underweight or addressing stunting and wasting disease.

Routine growth assessment is a fundamental part of the monitoring of children\'s health. The pediatrician should inform parents about the physical growth of the baby, which could, in turn, affect the feeding practices by parents.^\[[@R19]\]^ Our previous study found "weight median value" was a strong stimulus for parents to overfeed, especially the caregivers of normal-weight infants who worried more about infants being "underweight" or "eating less".^\[[@R8]\]^ In another preschool study, parents tended to underestimate their children\'s weight as well as the potential harmfulness of childhood obesity.^\[[@R20]\]^ The reasonable application of growth standards is important to increase Chinese parents' knowledge of healthy feeding practices and normal growth.

One contributing factor for the results of this study might be the reduction of overfeeding. Another one could be recognition of the growth velocity of children by caregivers. In Shanghai community health service centers, median weight and length were always used as the index to describe children\'s nutrition level. For a child, whose weight was under the median value, the caregivers were likely to excessive feeding. In WHO standards group, the pediatricians used the growth curve to describe infant growth status which emphasizes the growth rate. The WHO growth standards use growth charts, which include sex-specific and age-specific growth curves. In China, growth curves have been formulated, but the implementation process needs to be strengthened. According to the 2012 review, the majority (79%) of the Chinese studies used a definition of \>120% of the mean value of the National Center for Health Statistics reference population to diagnose childhood obesity and only 7 studies (9%) measured childhood obesity using age-specific and sex-specific BMI cutoffs.^\[[@R21]\]^

On the other hand, we must face the fact that the WHO 2006 growth standards do not necessarily represent the level of growth in Shanghai infants. Compared with WHO growth standards, the infants of Shanghai presented with greater weight and length than the WHO median at the first year. The results were similar to the report of the 5th national survey on the physical growth and development of children in 9 cities of China.^\[[@R22]\]^ The differences in physical growth in Shanghai were mainly caused by the reference populations of different ethnic backgrounds as reported by Zong *et al\'s* study.^\[[@R23]\]^ The WHO Multicenter Growth Reference Study (MGRS) collected data of 8500 children who were exclusively breastfed for the first 4 months, and then 100% breastfed for 12 months by mothers who gave up smoking.^\[[@R4]\]^ Unlike the feeding practice of MGRS, the infants in Shanghai had a low level of exclusive breastfeeding. In 2013, the Analysis Report of National Health Services Survey in China reported that the rate of exclusive breastfeeding within 6 months after delivery was 60.2% in East China.^\[[@R24]\]^ However, the survey was conducted based on the response of parents on the question "how many months was the child breastfed?", but did not inquire about the previous 24 hours of food intake, as recommended by the United Nations Children\'s Fund and WHO. In our previous study, the rate of exclusive breastfeeding within 4 months was only 29% in a typical community of Shanghai.^\[[@R8]\]^ One reason for adopting WHO standards in many countries was to promote and protect breastfeeding.^\[[@R25]\]^ From 2 months of age to the end of the first year of life, breastfed infants demonstrated slower weight gain than their bottle-fed counterparts,^\[[@R26]\]^ with evidence suggesting that a longer duration of full breastfeeding was associated with lower childhood fat mass.^\[[@R27]\]^

The uniqueness of WHO growth standards is that it provides a standard for growth pattern to answer the question of "how the children should grow", which breaks the traditional view that growth standards should only describe immediate status of "how the children are growing".^\[[@R28]\]^ The reference of Shanghai children growth was obtained through the National Survey on the Physical Growth and Development of Children in the Nine Cities of China (NSPGDC) every 10 years, in which Shanghai is one of the 9 cities. The anthropometric data of Shanghai children in 1975, 1985, 1995, and 2005 formed the reference edition and the reference value for each publication was higher than the previous one.^\[[@R23]\]^ Overall, the reference represents the cross-sectional data of Shanghai children\'s growth, which is less than longitudinal observation data of WHO.^\[[@R7],[@R28]\]^ In addition, with the Chinese booming economy, the increase in children\'s average weight and height reflected the improvement of the nutritional status of children. But it also had some undesirable effects, such as a low rate of exclusive breastfeeding and a higher tendency for overfeeding. From 2007 to 2010 in China, 1840 healthy breastfed infants living in "optimal" environment for favorable growth were followed up to 1 year of age. In comparison with the WHO growth standards, breastfed children in that study were heavier in weight, longer in length, and bigger in head circumference, and the results were similar to what we saw in the growth reference of the 2005 nine-city study.^\[[@R29]\]^ In that study and another study,^\[[@R30]\]^ researchers were concerned that there was a possibility to misclassify a few malnourished infants as normal by the infant growth standards based on the WHO MGRS study. Those infants, typically living in rural areas, might subsequently miss the opportunity for early intervention. However, in Shanghai, the rate of overweight and obese children is increasing, as reported in the 2015 NSPGDC.^\[[@R31]\]^

For all practical purposes, it should be known that the WHO growth standards did not reflect the current growth status of infants in the urban areas of Shanghai. The solution was to choose reference and standards wisely. The findings of this study would help practitioners of community healthcare to choose the correct growth standards and to understand the cause for concern regarding average growth patterns and the risk of children obesity according to growth charts. We must face the problem squarely: the number of infants who were diagnosed as being on a trajectory toward childhood obesity was increasing in Shanghai.^\[[@R32]\]^ The adoption of the Shanghai standards would result in a decreased number of infants classified as overweight or obese, which might cost them the opportunity for an early intervention. In the United States,^\[[@R33]\]^ there was a similar situation in which the reference in CDC growth chart was slightly higher than those of WHO,^\[[@R34]\]^ they explained that "the WHO charts are growth standards describing the growth of healthy children in optimal conditions, the CDC charts are a growth reference, describing how certain children grew in a particular place and time". In addition, the final guideline is that "clinicians should be aware that fewer U.S. children will be identified as underweight using the WHO charts, slower growth among breastfed infants during ages 3--18 months is normal, and gaining weight more rapidly than is indicated on the WHO charts might signal early signs of overweight".

This study was not able to determine the factors responsible for the accelerated growth of Shanghai urban infants compared with the projections of the WHO charts, which was perhaps the greatest limitation of the study. Another limitation of this study was that we had not gathered the information regarding mothers' BMI and the follow-up period was only for 12 months. Many studies had reported that pre-pregnancy overweight/obesity increased the risk of macrosomia and offspring overweight/obesity.^\[[@R35],[@R36]\]^ Hence, to reduce the effect of heredity on overweight in this study, we used a bigger sample size, which should mitigate the impact from the pre-pregnancy condition.

In conclusion, the results of this study demonstrated that the adoption of the WHO 2006 growth standards would reduce the proportion of overweight infants less than 1 year of age in urban areas of Shanghai. Even though the WHO 2006 growth standards did not represent the level of child growth in Shanghai, its adoption did not increase the rate of wasting, stunting and underweight children in Shanghai urban areas. On the other hand, it even promoted the height growth among those participating infants. Hence, we recommended that the WHO 2006 growth standards should be used in areas where infant growth is trending toward obesity.
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